ABSTRACT. The aim of the research was to examine the expression level of microRNA221/222 (miR-221/222) in the serum of patients with type 2 diabetes mellitus (T2DM) who are also diagnosed with post-menopausal breast cancer. We aimed to evaluate the differences in microRNA expression in patients with T2DM alone, patients with postmenopausal breast cancer alone, and patients with both T2DM and postmenopausal breast cancer. We selected 20 cases from a healthy control group, 30 cases from the group of patients with T2DM and obesity, 30 cases from the group of the patients with post-menopausal breast cancer, and 30 cases from the group of patients with both T2DM and post-menopausal breast cancer. The expression of miR-221/222 in the serum of the patients with post-menopausal breast cancer was higher than that of T2DM patients (P < 0.05), but lower than that of the T2DM patients who were also positive for post-menopausal breast cancer (P < 0.05); the expression of miR-221/222 in the serum of the T2DM patients was higher than that of the healthy controls (P < 0.05). BMI, HOMA-IR, HbA1c, and TG were positively correlated with the relative expression of miR-221/222 in the serum (P < 0.01). In conclusion, miR- 
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INTRODUCTION
Breast cancer is an estrogen-dependent cancer. Estrogen exerts its regulation on cell proliferation by binding to the estrogen receptors on target cells (Zhu et al., 2014) . The major estrogenic hormones are estradiol and estrone. Following menopause, estrogens are primarily secreted from adipose tissues, and do not exhibit any diurnal or nocturnal cycles. In addition, the metabolic clearance rate of estrogen decreases by 30% after menopause. It is known that post-menopausal estradiol is mainly converted from estrone. Estrone is converted from androstenedione in the peripheral tissue. Following menopause, the rate of this conversion increases by 1 fold, which primarily takes place in the fat and muscle tissues. Studies have additionally shown that the conversion rate in obese people is higher than that in lean people. Estrogen level is positively correlated with body weight (Du et al., 2014; Reinbothe et al., 2014 ). After menopause, estrogen level gradually declines while body fat content increases. Studies have shown that the rate of post-menopausal breast cancer is between 39 and 92%, which is higher than that of pre-menopausal breast cancer (Zhang et al., 2013) . Estrogen serves as ligand and substrate to stimulate cell proliferation and gene expression via interactions with the estrogen receptor. Furthermore, it induces DNA damage via formation of oxidative products, thus participating in the pathogenesis and progression of breast cancer (García et al., 2010) .
Type 2 diabetes mellitus (T2DM) mainly occurs in middle aged and elderly people (after menopause). Insulin resistance is one of the major causes of type 2 diabetes (Tawfik et al., 2015) . Present research suggested that T2DM is not correlated with pre-menopausal breast cancer, but is moderately correlated with the post-menopausal breast cancer (Gallagher et al., 2012) . In addition, fasting insulin level is also positively correlated with post-menopausal breast cancer. However, the relationship between T2DM and post-menopausal breast cancer is highly debated (Gallagher et al., 2012) . Insulin resistance is not only present in T2DM, but also in the patients with malignant tumors, suggesting that the insulin resistance may be a common factor in the pathogenesis of both diseases. It is known that insulin resistance is the pathological basis for T2DM; however, the molecular mechanisms leading to insulin resistance have not been fully explained. It was suggested that abnormal expression of inflammatory factors, oxidative stress, adipose cytokines, and miRNAs can lead to insulin resistance by altering the signal transduction pathway of insulin as well as the function of glucose transcription factor-4 (Roh et al., 2014; Wen et al., 2014) . Interestingly, these factors are also present in patients with malignant tumors, which in turn contribute to insulin resistance in patients with malignant tumors. They have been shown to induce damage to intracellular DNA, thus leading to DNA methylation, abnormal gene expression, and participation occurrence of malignant tumors (Roh et al., 2014; Wen et al., 2014) . MiR-221 and miR-222 are members of the microRNA family. They differ only by one nucleotide, and are located on different chromosomes in humans. They are expressed in many human organs such as the brain, and participate in the development of metabolic pathway, diabetes, and tumors (Dentelli et al., 2014) . Abnormal expression of these miRNAs is observed in cases of obesity, cancer, and anoxia. Studies have shown that expression of miR-221/222 is up-regulated in rats and humans with fatty liver disease. They are also positively correlated with the insulin resistance index (Dentelli et al., 2014) . Additionally, they are highly expressed in breast cancer tissues, and elevated serum level of miR-221 and miR-222 is correlated with tumor metastasis. Higher expression of miR-221/222 is suggestive of poor breast cancer prognosis, and is used as one of the indexes for prediction of disease progression (Hwang et al., 2013) . The survival rate in breast cancer patients with over-expressed miR-221/222 is lower compared with patients with low miR-221/222 lowly expression.
Another factor that plays a role in insulin resistance is caveolin-1. Studies have shown that down-regulation of caveolin-1(CAV1) causes insulin resistance and an increase in glucose export (Rippe et al., 2012) . Research has demonstrated that miR-221/222 is highly expressed in the liver of obese mice, and that silencing of miR-221/222 can up-regulate CAV1 expression, improve the insulin sensitivity, and decrease blood glucose (Rippe et al., 2012) . CAV1 is one of the main scaffolding proteins of the cytoplasmic membrane, which can stabilize insulin receptors and enhance the function of glucose transcription factor-4. Its abnormal expression can lead to a decline in insulin sensitivity and an increase in blood glucose (Chen et al., 2011) . Down-regulation of CAV1 can weaken physiological functions of insulin, reduce insulin sensitivity, lead to reduced sugar tolerance, and even diabetes. Furthermore, mutation or methylation of the CAV1 gene in breast cancer tissues cause deactivation or down-regulation of protein expression, activate estrogen receptor alpha, and trigger the occurrence and progression of breast cancer (Joglekar et al., 2015) .
Our study aims to examine the expression levels of miR-221/222 in serum of the patients with T2DM and post-menopausal breast cancer. We wanted to examine expression levels of miR-221/222 in the serum of T2DM patients, and determine their roles in insulin resistance. We also wanted to investigate the difference between patients with T2DM and patients with T2DM and post-menopausal breast cancer, and determine whether CAV-I is a target gene of miR-221/222.
MATERIAL AND METHODS

Study subjects
We selected 30 (DM group) patients that were newly diagnosed with post-menopausal breast cancer at Binzhou People's Hospital, and 30 (BC group) patients newly diagnosed with post-menopausal breast cancer, as well as 30 (DM and BC group, hereinafter referred to as DB group) patients newly diagnosed with both T2DM and post-menopausal breast cancer. In addition, 20 (NC group) patients that underwent health examinations after menopause were selected as controls. All of the patients recruited had normal blood pressures and electrocardiograms, negative for urine proteins, free of symptoms such as fever, chest distress, labored breathing, dizziness etc. Any patients with HbA1c lower than 9%, underweight, or had normal body weights, were excluded during the selection process. Menopause was defined as follows: natural menopause for more than 12 months; estradiol < 30 pg/mL; FSH > 40 IU/L. The diagnostic criteria for diabetes were obtained from the 1999 diagnostic criteria of WHO for diabetes, i.e., fasting blood-glucose ≥ 7.0 mM and (or) blood glucose ≥11.0 mM at 2 h after glucose load (Wendland et al., 2012) . Breast cancer was pathologically confirmed after operation.
Determination of experimental indexes and methods
Collection and determination of specimens: A fasting venous blood draw of 10 mL was performed on all research subjects in the morning (fasting for 8 h). Part of the collected blood (5 mL) was used for determining HbA1c (glycosylated hemoglobin), TG (triglyceride), E2 (estradiol), and Ins (fasting insulin) within 2 h. The remaining 5 mL was centrifuged and stored at -70°C. The above index determination method was in accordance with the instructions provided by the kits (Sigma, CA, and USA). BMI (body mass index) evaluation was as follows: body height and weight was measured, BMI = body weight/ height 2 (kg/m 2 ). The steady-state model evaluation method was used to evaluate the insulin resistance index: (HOMA-IR) = (fasting blood glucose x fasting insulin)/22.5 (Shaban et al., 2014) .
Real-time quantitative PCR detection of miR-221/222 expression in patients' serum
The reaction mixture for inverse transcription of miRNAs was initially assembled by combining diluted RNA with RT primer working fluid and DEPC water. RNA was denatured for 5 min at 72°C, and placed on ice for rapid cooling. The following reverse transcription components were then added (the above mixture; 5X buffer; 10 mM dNTP; RNase inhibitor; ReverTra Ace). Cycling parameter was as follows: 42°C for 1 h and 95°C for 5 min. Amplified cDNAs were cooled on ice and stored.
The expression of miR-221/222 in the serum of patients from all three groups was determined by real time PCR with SYBR ExTaq Mix, and U6 was used as internal reference. The reaction mixture was as follows: SYBR ExTaq Mix II (12.5 µL); upstream primer (1 µL); downstream primer (1 µL); cDNA template (2 µL); dH 2 0 (8.5 µL). The cycling parameters were as follows: 95°C for 10 s; 95°C for 5 s; at 58°C for 30 s; reading the plate; 72°C for 30 s; reading the plate; 30 cycles; 2°C for 10 min; 55°C for 5 min; dissolution curve 55-95°C, 0.3°C/s. The 2 -∆∆Ct method was used to calculate relative expression of the target gene. Primers were designed as shown previously (Gan et al., 2014) . All qPCR experimental materials were purchased from the Fermentas Company (Shanghai, China).
Plasmid transfection and luciferase reporter gene assay
The empty vector pcDNA3.1, the luciferase reporter vector pGL3M, and the recombinant reporter vector pcDNA 3.1-CAV1-WT (or MUT/NC), were transfected with the competent host bacterium DH5a. Plasmid extraction was performed in accordance with product instructions. The final plasmid DNA was identified by double enzyme digestion of XbaI and EcoRI. The recombinant DNA was submitted to the Hohhot Moore reagent company for sequencing. The vectors and enzymes used in the experiment were purchased from the NEB Company (USA).
pGL3M-CAV1-3'UTR (50 ng) and control plasmid pcDNA3.1 (10 ng) were cotransfected into 293T cells using the transfection method mediated by Lipofectamine 2000 (Invitrogen, USA) lipidosome. They were named as follows: experimental group pGL3M-WT-CAV1-3'UTR, positive control group pGL3M-MUT-CAV1-3'UTR, and negative control group pGL3M. Enzyme activity was assessed by dual-luciferase reporter assay, and was expressed as the ratio of firefly luciferase activity to the activity of ranilla luciferase.
Statistical analysis
SPSS17.0 was used for statistical analysis. All data are reported as means ± standard deviation. The expression of miR-221/222 in serum was compared between all groups using one-way analysis of variance. Simple correlations were performed using the Pearson correlation analysis. Multiple-factor analyses were conducted with the multiple stepwise regression method. Comparisons between groups were subjected to the Student t-tests and chi-square tests. P < 0.05 was considered statistically significant.
RESULTS
General clinical data
There was no statistical difference in age amongst the patients in the T2DM group, the breast cancer group, the T2DM + breast cancer group, and the normal control group (P > 0.05). BMI, insulin resistance index, HbA1c, and TG were higher in all the diseased groups as compared with those of the healthy people (P < 0.05). HbA1c in the breast cancer group was still within the normal range but was higher than that in the normal control group (P < 0.05); BMI in the group of T2DM + breast cancer group was lower than that in the T2DM group and the breast cancer group (P < 0.05); the insulin resistance index in the T2DM + breast cancer group was higher as compared with that of the T2DM group and the breast cancer group (P < 0.05); the levels of estradiol and fasting insulin in healthy people with a normal body mass index were lower than those in the diabetes and breast cancer patients with a high body mass index (P < 0.05); the levels of estradiol and fasting insulin in the breast cancer group were higher than those in the diabetes group and the diabetes + breast cancer group (P < 0.05), as shown in Table 1. *P < 0.05 between the patient group and normal group; # P < 0.05 between the BC group and the DM group; a P < 0.05 between the DB group and the BC group; b P < 0.05 between the DB group and the DM group. NC = normal control group; DM = diabetes group; BC = breast cancer group; BMI = body mass index; HOMA-IR = insulin resistance index; HbA1c = glycosylated hemoglobin; TG = triglyceride; E2 = estradiol; Ins = fasting insulin. 
Expression of miR-221/222 in the serum of diabetes patients, breast cancer patients, and normal subjects
There was a significant difference in the expression of miR-221/222 amongst the four groups (F = 432.55, 344.09; P < 0.001); there were statistical differences amongst all groups based on further pairwise comparisons (P < 0.05); the expression level of miR-221/222 in the patients with post-menopausal breast cancer was higher as compared with T2DM patients (P < 0.05) and lower as compared with patients with T2DM + post-menopausal breast cancer (P < 0.05); the expression level of miR-221 ( Figure 1A ) and miR-222 ( Figure 1B ) in T2DM patients was higher than that in the normal subjects (P < 0.05). 
Relationship between miR-
Verifying the potential target gene CAV1 by the luciferase reporter assay
MiR-221 and 222 had 18 and 16 sequences respectively, which is consistent with WT-CAV1-3'UTR ( Figure 2A ). In the mutant MUT-CAV1, where base sequences were disrupted, the luciferase reporter assay of the transfected 293T cells indicated that there were no significant changes in pGL3M-MUT-CAV1-3'UTR and pGL3M-WT-CAV1-3'UTR in the negative control group compared with pGL3M in the vacant plasmid group, as shown in Figure 2B . There were no significant changes in viability of the MUT group while the fluorescence intensity in the WT group decreased significantly following addition of miR-221 (miR-222) mimics ( Figure 2B ). Taken together, these results indicated that miR-221 (miR-222) was able to bind with specific sequences in the promoter region of WT-CAV1-3'UTR. MiR-221 (miR-222) did not function after these specific sequences on the promoter were altered. 
DISCUSSION
Breast cancer is a heterogeneous hormone-dependent malignant tumor. There is a significant rise in the incidence of post-menopausal breast cancer in female T2DM patients. Furthermore, the incidence of T2DM also rises in patients with post-menopausal breast cancer, suggesting that these diseases have common pathogenic factors (Crujeiras et al., 2013) . Research both at home and abroad has indicated that miRNAs participate in the pathogenesis of Type-2 diabetes and breast cancer. The expression of MiR-221/222 is up-regulated in rats and humans with fatty liver disease. It is also highly expressed in the breast cancer tissue, and is secreted into blood through exocytosis. In addition, the expression of miR221/222 was detected in patients with T2DM, patients with post-menopausal breast cancer, and the patients with both T2DM and post-menopausal breast cancer. As expected, its expression in the serum of the patients with T2DM alone and those with post-menopausal breast cancer alone is higher in the serum of the normal people. Additionally, its expression level was observed to be the highest when both diseases exist. This further suggests that MiR-221/222 may participate in the incidence of T2DM with post-menopausal breast cancer complications.
In this study, we tried to determine whether there are correlation between BMI, HOMA-IR, and miR-221/222. Results indicated that BMI, HOMA-IR, and miR221/222 exhibit positive correlations. BMI and HOMA-IR are the independent influencing factors of miR221/222. The expression of miR-221/222 is present in the serum of the patients with T2DM and the patients with post-menopausal breast cancer. The expression of miR-221/222 is higher when both diseases are present (Xuan et al., 2015) . The above research results indicate that miR-221/222 not only stems from tissues such as liver fat, but is also present in breast cancer tissues. Therefore, factors such as diabetes should be considered when miR-221/222 is found serum during molecular diagnosis of breast cancer.
Previous research indicates that down-regulation of CAV1 may cause insulin resistance; blood glucose is still within the normal range but higher than that of normal people due to the fact that the pancreatic β cells have an excellent compensatory functions. Finally, abnormality in glucose tolerance and even diabetes may occur as compensatory functions of pancreatic β cells decreases with age (Bitar et al., 2013) . This experiment has demonstrated that CAV1 is a target gene of miR-221/222. Thus, the regulation of CAV1 by miR-221/222 may contribute to insulin resistance in post-menopausal breast cancer. We also found that TG and HOMA-IR in the patients with post-menopausal breast cancer were higher than those in normal people; there was no significant difference in abnormal lipid metabolism and HOMA-IR between patients with post-menopausal breast cancer and the patients with T2DM. TG was found to be an independent influencing factor of miR222. Our results suggest that insulin resistance in post-menopausal breast cancer can lead to elevated blood glucose level and susceptibility to T2DM. Hence, post-menopausal breast cancer is also one of the risk factors of T2DM. Conversely, obesity has also been shown to be a risk factor for T2DM and post-menopausal breast cancer, and can lead to a lipid metabolism disorders (Jedrzejuk and Milewicz, 2005) .
High estrogen levels were observed in overweight or obese female T2DM patients in this study. Binding of estrogen can stimulate proliferation of mammary glandular cells and gene expression; it can also cause DNA damage by formation of oxidative products, and participate in the initiation and progression of breast cancer (Yubero-Serrano et al., 2015) . High expression of miR-221/222 in breast cancer tissues causes insulin resistance and increases the metabolic load on pancreatic β cells. This leads to elevated blood glucose levels, and T2DM finally occurs when compensation becomes insufficient (Díaz-Villaseñor et al., 2013) . Therefore, miR-221/222 and estrogen may jointly participate in pathogenesis of T2DM with post-menopausal breast cancer in overweight or obese females.
In conclusion, the relative expression of serum miR-221/222 and HOMA-IR exhibited a positive correlation in the T2DM group, indicating that miR-221/222 may be a contributing factor to insulin resistance. Highly-expressed miR-221/222 activates estrogen receptors by down-regulation of CAV1, leading to insulin resistance-induced hyperinsulinemia, and increased expression of estrogens and their receptors in the serum (Rippe et al., 2012) . Therefore, miR-221/222 and estrogens may jointly contribute to T2DM with post-menopausal breast cancer in overweight or obese females. Down-regulation of CAV1 in the liver and fat tissues mainly causes hyperinsulinemia. Down-regulation of CAV1 in the skeletal muscles mainly causes reduced glucose uptake and increased blood glucose. Abnormal expression of CAV1 can not only cause insulin resistance and hyperglycemia, but also participates in formation of breast cancer and abnormal expression of metastasized CAV1. It is closely associated with the occurrence, progression, and prognosis of breast cancer (Tan et al., 2012; Ma et al., 2013) . The mutation rate of the pre-menopausal CAV1 is higher than that of the post-menopausal CAV1, but the morbidity
